We investigated the frequency of occurrence of plant species in grassy landscapes in northeastern Uttar Pradesh, India. Using random quadrats, field assessment was undertaken at 11 sites to sample an area of 333.75 ha, at an overall sampling density of 0.01%. A total of 287 plant species belonging to 183 genera and 53 families was recorded. Of these, 254 species were commonly distributed and 33 species exhibited localized occurrences; according to the rarity classes of Rabinowitz, the latter were classified as rare. One hundred and sixty-five species had large population sizes and 122 species exhibited small population sizes. The most common species, which exhibited high frequency and abundance, were predominantly from Poaceae, Cyperaceae, Papilionaceae, Asteraceae, Scrophulariaceae and Euphorbiaceae. Some species, which are known to have narrow geographical distributions, were locally abundant. Rare species showed restricted as well as localized distributions and were typically sampled at low population densities. The rare occurrences of once frequent and widespread species probably reflect acute fragmentation and shrinkage of specialized habitats as a result of intense cultural activities. Several species are to be considered as threatened. Studies on the status of rare plant species and the processes threatening their survival are urgently required.
Introduction
The structure of plant communities has been conventionally analyzed worldwide (Mueller-Dombois and Ellenberg 1974; Singh and Yadava 1974) . The impact of ___________ Correspondence: R.P. Shukla, Plant Ecology Laboratory, Department of Botany, D.D.U. Gorakhpur University, Gorakhpur -273-009, India. E-mail: drrpshukla@rediffmail.com disturbance, described by Pickett and Whyte (1985) as a discrete event along the passage of time that modifies landscape, ecosystem, community and population structure, on the structure and composition of various grassland communities has been observed by various workers (Friedel 1997; Wilsey and Polley 2003) , with overexploitation of species and degradation of natural habitats reported to be the major threats to plant species. While excessive removal of plants from the wild, loss of habitat by deforestation and heavy grazing pressure in pastures generally threaten the survival of species (Nayar and Sastry 1988) , habitat specificity, narrow range of distribution, land use change, introduction of non-native species, habitat fragmentation and degradation of populations, population bottlenecks and genetic drift can also play a part (Weekley and Race 2001; Oostermeijer et al. 2003; Kala 2005) .
Many authors have identified and classified the common and rare species of trees and shrubs (Hubbell and Foster 1986; Rabinowitz et al. 1986; Pitman et al. 1999) and emphasized the importance of this process for the conservation of biodiversity in the ecosystem. Information about the frequency of herbaceous plant species, however, is scarce. Daniels et al. (1995) suggested that endemism, elevation, vegetation, habitat and microhabitat specialization influence the relative abundance of plant species, while Pitman et al. (1999) suggest that herbaceous species have smaller geographical ranges than trees. Recently, Magurran and Henderson (2003) and Ulrich and Ollik (2004) proposed the use of composite models to study species abundance to improve ecological understanding of community structuring between common and rare species and predicted high rates of local extinction of rare species.
While a number of workers have studied various phyto-sociological characteristics of grassland communities in different parts of India (Bharucha and Ferreria 1941; Gupta and Sharma 1973) as well as community composition and productivity patterns (Dabadghao and Shankarnarayan 1973; Singh and Yadava 1974; Nautiyal et al. 1997) , the so-called Terai grasslands of the plains of northeastern Uttar Pradesh (U.P.) have received little attention, especially in terms of diversity patterns and the loss and gain of species in recent times. They are a very important source of fodder for livestock and represent about 1,280 km 2 of the total regional area (Semwal 2005) .
The present study was conducted to examine the composition, diversity and frequency patterns of plant species in the regional grassy landscape across the tract between the Sarju River and the foothills of the Himalayas. This region is known to be floristically rich with considerable habitat diversity (Ansari et al. 2006 ). The empirical relationship between microclimatic conditions of various sites and diversity patterns of respective plant communities was analyzed. The patterns of rarity within the regional flora have been described by using the database of rare species in India as well as the world (Rabinowitz 1981; Rabinowitz et al. 1986; IUCN 2001) in order to emphasize the need to conserve grassland vegetation and their species.
Materials and Methods

Study area
The Terai region is a belt of marshy grasslands, savannas, and forests located south of the outer Himalaya foothills, the Siwalik Hills, and north of the IndoGangetic Plain. These plains of northeastern Uttar Pradesh (U.P.) cover 14 districts and occupy 45,760 km 2 . While the climax vegetation is forest and some patches of forest still remain, most of the area has been subjected to recurrent disturbance in the form of clearing, grazing, trampling and burning, resulting in agricultural fields and grassy landscapes, with many rivers, rivulets, nallahs, lakes and ponds. Abandoned arable land reverts to grassland as a result of secondary succession and tends to be stable under the influence of biotic disturbances such as fire, grazing and cutting practices. The regional plain slopes gently from northwest to southeast, and the landscape presents a mosaic of plant communities with varying amounts of grasses and forbs of contrasting life-forms. Composition of the grasslands, developed and maintained by various cultural practices, varies primarily according to the type of soil and available moisture within the upper layer.
Climate
The climate of the region is typically tropical monsoonal with 3 distinct seasons, viz. summer (March to midJune), monsoon (mid-June to mid-October) and winter (mid-October to February). Average annual rainfall is about 1,814 mm for the entire study region, with 87% occurring during the wet summer and monsoon seasons. The number of rainy days per annum is 51 ± 3.2 and mean relative humidity is about 87% in the morning and 74% in the evening. The eastern Terai plains receive more rainfall over a longer period and possess much richer plant biodiversity than western and southern districts of the state. Mean maximum temperatures during wet summer, winter and dry summer seasons are 35.2, 27.0 and 39.3 o C and mean minimum temperatures are 26.2, 12.1 and 24.2 o C, respectively (based on climatic data for [2000] [2001] [2002] [2003] [2004] [2005] .
Soil
The soil of the region is part of the trans-Sarju Plain and comprises Gangetic alluvium brought down by rivers like Ghaghara, Rapti, Rohin and Gandak from the Himalayas in the north. The texture is sandy loam and pH is about neutral. In the northern area there are a few elevat-ed mounds, locally called dhus, which range in size from a few hundred m 2 to 4-5 km 2 and have brown sandy soil.
Vegetation
The growing season extends from mid-June to midSeptember, when most species flower and set seed. The general grassland vegetation of northeastern Uttar Pradesh is interspersed with patches of forest, old fields, open pasture, uplands (mounds or dhus), lowlands, orchards, playgrounds and human settlements.
Methods
We started this study in June 2011 with a general survey of the vegetation and habitat conditions over a vast stretch of grassy landscape of Terai of northeastern Uttar Pradesh, encompassing more than 11 districts and covering about 128,076 ha of a total 36,015 km 2 geographical area ( Figure 1 ). Finally, 31 locations, showing marked differences in habitat conditions, were selected and sampled during August 2011 to March 2014 (Annexes Ia and Ib). Differences in habitat conditions appeared mainly in the degree of light exposure, soil moisture and soil texture as related to topography and disturbance in the form of fire, grazing, cutting and trampling. Twenty 50 x 50 cm quadrats were randomly laid out at each location, giving a total of 620 quadrats across 333 ha of the region.
The population densities of species occupying each quadrat were recorded, and total vegetal area of individuals of each species was measured through the chartquadrat method. Based on these values, various phytosociological and diversity indices were derived through conventional methods (Mueller-Dombois and Ellenberg 1974; Magurran 2004 (Mori et al. 1983 ) (pi represents the proportional abundance of the ith species in the community; S is the species richness; relative diversity of a family is the number of species within the family expressed as a percentage of the total number of species within all families represented in the community). The dominance-diversity curve (species-individual curves or rank-abundance model) was plotted as a log normal distribution model (Magurran 1988) . 
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Identification of common and rare species
Rabinowitz's classification scheme (Rabinowitz 1981; Rabinowitz et al. 1986 ) was used to categorize each of the threatened taxa into 1 of 7 types. They were defined on the basis of the size of their geographic range (wide vs. narrow), habitat specificity (broad vs. restricted) and population size (large, dominant vs. small, scattered) . From the combination of these traits, 8 categories were formed to decide commonness vs. rarity of a given species (Tables 1 and 2 ). For all species one or more of the following 10 items was allocated as a threat to their survival: 1. urbanization and land development; 2. agricultural activities; 3. logging and associated harvest activities; 4. mining and associated habitat destruction; 5. livestock grazing, especially unsustainable and inappropriate grazing; 6. trampling for recreation, resulting in deleterious changes in community composition; 7. overharvesting for horticultural use; 8. excessive collection for various purposes like medicine; 9. natural disasters such as catastrophic floods and other less-common or miscellaneous threats like fodder, thatch collection etc.; and 10. invasion by alien species (Srivastava et al. 2014) .
Results
The grassy landscape of northeastern Uttar Pradesh is represented by contiguous, small to fairly large patches of grassland vegetation ranging from 1 ha to around 80 ha in size.
Composition of taxa
The grassland ground-layer vegetation was comprised of grasses and sedges, collectively referred to as graminoids, and forbs or non-grass herbs. A total of 287 species was recorded, belonging to 183 genera and 53 families; among them, 27 species and 5 families have not yet been identified. Dicotyledons made up 94.5% of families, 74.1% of genera and 69.7% of species, while the remainder were monocotyledons.
Habit groups
The life-span data of different grassland species showed that about 90% of species were annuals and the remainder were perennials. The percentage of plant species in different habit groups was: herbs 87%, climbers 10% and shrubs 3%. Most species (>61%) were erect annuals, 29% were prostrate annuals and the remainder were perennials. Among climbers, 39% were annual twiners, 32% tendril-bearing and 29% perennial twiners. There was fairly high species diversity (H = 3.74) and quite low dominance (Cd = 0.058). The mean number of species per genus was 1.62, with 5.42 per family. The total density was 811.5 individuals/m 2 and evenness was 0.661.
Species richness
Among the 6 dominant families, Poaceae was the most common (17.2% of species), followed by Cyperaceae (11.2%), Papilionaceae (10.5%), Asteraceae (9.8%), Scrophulariaceae (4.9%) and Euphorbiaceae (3.5%). The remaining 44% of species represented 46 families, with 20 families represented by only 1 species, 3 by 2 species, 2 by 3 species, 8 by 4 species, 2 by 5 species, 1 by 6 species, 2 by 7 species, 2 by 9 species and 6 families by more than 10 species. In terms of genera, Poaceae, Asteraceae and Papilionaceae were dominant and were represented by 38, 19 and 16 genera, respectively. Wide geographic range, restricted habitat specificity, small population size 5 Narrow geographic range, broad habitat specificity, large population size 6 Narrow geographic range, broad habitat specificity, small population size 7 Narrow geographic range, restricted habitat specificity, large population size 8 Narrow geographic range, restricted habitat specificity, small population size
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The distribution of common and rare plant species among major families (Figure 2) shows that the foremost families in the regional grasslands shared the maximum number of rare plant species. For instance, Papilionaceae had 5 species, followed by Poaceae and Asteraceae (4 species each) and Lamiaceae with 3 species. Scrophulariaceae, Caesalpiniaceae and Boraginaceae families were represented by 2 species each and 12 families by a single species only. The family Apiaceae is economically and medicinally very important but contains the least number of species in the region. Four families, Lobeliaceae, Martyniaceae, Sphenocleaceae and Zygophyllaceae, had only 1 genus each with a single species, viz. Lobelia alsinoides, Martynia annua, Sphenoclea zeylanica and Tribulus terrestris, respectively. The local extinction of these very rare species would mean that the family would no longer be represented in this region.
Abundance distribution
Abundance is a quantitative indication of patchiness of species. Several common herbaceous species showed hyper-dispersion across grassland vegetation as evident from their density and abundance values. Lindernia diffusa had maximum average density and abundance. Species like Desmodium triflorum, Evolvulus nummularis, Imperata cylindrica, Lindernia ciliata and Rungia repens showed abundance values of >20 (Table 3) .
The abundance:frequency (A:F) ratio provides a useful measure to show the degree of clumping or patchiness of species in restricted or localized areas. Table 4 shows the pattern of distribution of grassland species on the basis of A:F ratio, which was highest for erect annual herbs, followed by prostrate annual herbs, with the lowest value for prostrate perennial herbs. The erect annual 
Dominance-diversity curve
The dominance-diversity curves for the regional grassy landscape as an abstract community showed a lognormal distribution of individuals among constituent species ( Figure 3 ). Lindernia diffusa, Rungia repens, Desmodium triflorum and Lindernia ciliata, had the highest number of individuals and formed the top end of the curve. On the other hand, the species which formed the tail end of the curve were Amaranthus spinosus, Crotalaria retusa, Crotalaria pallida, Ludwigia adscendens and Solanum virginianum. The latter species obviously showed rare occurrences.
Population status
Common species have a large range, wide habitat specificity and large populations. However, a few species have a large range and occur in a wide array of habitats, but in chronically small populations, and are considered quite rare (Rabinowitz et al. 1986 ). In our observations, a number of plant species, which had a large range and wide habitat specificity, apparently showed small populations due to sampling limitations. As these species Figure 3 . Rank-abundance model (dominance-diversity curve) of the grassy landscape of northeastern Uttar Pradesh. Rare often showed vigorous growth in small patches, distributed across the whole of the range, they could not be considered rare, though their observed traits suggested so. Such an intriguing situation may be common-place in judging the population size of a species as determined by the limitations of method and extent of sampling. Thus, 6 of 8 combinations represent rare and 2 represent common species as evident through this study. Of the total 287 species, 150 showed large range, wide habitat specificity and large populations and 104 species showed large range, wide habitat specificity and small populations (Annex II). Both groups were considered common. The remaining 33 species within 6 different combinations were considered rare (Table 5 ). Populations of species with habit groups facing a combination of threats have declined within the region (Tables 6 and 7) . Thirtythree species showed a maximum of 10 individuals per quadrat and were encountered in <1% of total quadrats observed.
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Chrysanthellum indicum, Evolvulus alsinoides and Spermacoce pusilla, however, were recorded at only 1 of the 11 sites but there were numerous individuals at this site. Almost all species were exposed to the threats of urbanization and land development, habitat destruction, intense agricultural practices, unmanaged livestock grazing, trampling and other miscellaneous threats. terrestris have suffered seriously owing to voracious harvesting from the wild by untrained people. Some rare species of annual upland legumes, such as Alysicarpus bupleurifolius, Alysicarpus longifolius, Senna pumila, Crotalaria calycina, Crotalaria pallida and Cullen corylifolium, require a relatively longer time to produce seeds to complete their annual life cycle as compared with several non-legumes. The period of peak seed fall is often closely followed by high rainfall and moderate water-logging for about a week, and long submergence of fresh seeds may destroy the embryos, rendering them non-viable. On the other hand, the very rare and poor occurrences of some lowland therophytes, such as Cyperus niveus, Lindernia pyxidaria, Lobelia alsinoides and Sphenoclea zeylanica, may be attributed to severe overgrazing just before full blooming and the seedsetting stage. The second most important threat was invasive alien species. Centella asiatica, Baccopa monnieri and Hygrophila auriculata showed very poor populations under these conditions despite efficient modes of non-seed regeneration (Table 8) , as invaders have a competitive advantage and readily suppress and replace the native species under stressful environments. Table 9 shows the specific habitats for rare plant species. 
Discussion
Community structure and diversity pattern
This study shows that the Terai landscape contains very diverse assemblages and associations relative to semiarid grasslands in other parts of India (Pandeya 1964; Dabadghao and Shankaranarayan 1973) , but owing to continued alteration of the habitats through anthropogenic disturbance, the resulting landscape is gradually losing a number of plant species, which can flourish only in a narrow habitat range. The very little similarity and drastic differences among grassland patches, in terms of species richness and abundance, are probably due to the severity of a range of factors, including clipping, grazing, trampling, habitat fragmentation, water-logging, mining and transportation of soil. Singh and Joshi (1979) considered that high numbers of associations in hygrophilous grasslands could be due to different intensities of anthropogenic disturbance plus local variations in topography and soil depth. Locations found on elevated mounds or 'dhus' supported a diverse assemblage of grasses and palatable herbs despite regular livestock grazing. The grasslands in the study area showed much higher species richness than other vegetation types of the region, i.e. almost 3 times higher than that in adjacent forests (Pandey and Shukla 2003) . Similar observations have been made in the protected grassland of Dudhwa National Park in Terai of Uttar Pradesh (Mathur et al. 2003) . The reason for higher species diversity could be the variation in micro-habitat features and occurrence of a number of associations of grass species in the Terai grasslands (Shukla 2009 ).
Our analysis showed that annual herbs contributed most towards different phyto-sociological indices. While most herbaceous plant species can readily establish themselves, quickly produce herbage cover and improve soil fertility (Graham 1941) , those which regenerate from seeds are less likely to persist in communities facing recurrent grazing and trampling, although forbs respond positively to disturbance (Belsky 1986 ). Prostrate perennial species, like Cynodon dactylon, Desmodium triflorum, Evolvulus nummularis and Rungia repens, showed marked dominance (density and IVI) across the region. They readily occupied the horizontal space created by disturbance through grazing and clipping, and often showed high seed production as well as ramet proliferation, even at sites facing regular disturbance. Multiple types of reproductive strategy can result in the dominance of species over an area (Harper and White 1974; Patrica et al. 2002) . Moderate grazing also promotes rapid colonization of newly available space by these species, mainly through vegetative means.
The higher the abundance:frequency (A:F) ratio, the greater will be the tendency of species to clump, and vice-versa. Low values of both the abundance and frequency indicate rare occurrence of species, while very high values indicate dominance of species. A:F ratios of the most common prostrate perennial herbs like Desmodium triflorum and Evolvulus nummularis, were not high because both the abundance and frequency values of these species were quite high. The pattern of species abundance has been related to both growth pattern and habitat factors (Varghese and Menon 1999) . Diversity is often considered to be a synthetic measure of a combination of structure, complexity and stability of a community (Hubbell and Foster 1983) . Species distribution in a community is often non-random with dominant species being widely distributed, while subordinate species are generally locally distributed (Kolasa 1989) . A moderate level of disturbance is, therefore, compatible with the maintenance of high biodiversity in the landscape. On the other hand, more severe disturbance through regular clipping causes greater dominance and low diversity, and the species of prostrate habit dominate the local communities (Gentry 1991).
The commonness between any two adjacent patches is proportional to the extent of their contact or boundary length (Cole and Hobbs 1994). Most of the adjacent patches of grassy landscape showed a number of common species, under genera like Lindernia, Phyllanthus, Oldenlandia and Heliotropium. The distribution of grassland species was largely random but several were also found locally aggregated on different spatial scales. A number of erect, prostrate and climber species showed aggregation in the form of compact to loose patches. Aggregation occurred due to either localized seed fall or vigorous vegetative proliferation through ramets. Pacala (1997) also reported that local or intra-specific aggregation is generated by limited seed dispersal, clonal growth and patchy environments.
The resource sharing and niche occupancy of species is frequently expressed by dominance-diversity curves (Whittaker 1975) . Conditions like moderate grazing and reduced clipping and trampling allowed relatively greater numbers of species to share community resources, thus reducing the degree of dominance at the community level. A less steep and more flattened curve has also been reported by Raizada et al. (1998) . However, some species depicted as rare by the curve, through quadrat sampling, were actually not so rare. They occurred in small patches but only on specified habitats with respect to soil moisture.
Disturbance may have positive effects on some species as reported earlier (Sundriyal et al. 1987) and that caused by herbivores may reduce the effect of competition (Grace and Jutila 1999). In comparison with other species in exposed communities, erect herbaceous species were dominant in terms of RD, RVC and IVI, especially in situations with low moisture and moderate disturbance. Lindernia diffusa occurred frequently and its dominance across the region may be due to frequent clipping and grazing. The periodic clipping inhibited the establishment of most of the upper strata species and promoted dominance of only a few prostrate species like Rungia repens and Desmodium triflorum.
Commonness of plant species
Forbs produce numerous fruits and seeds per plant. The seeds are usually small and often possess very hard seed coats, which can easily escape damage from trampling and digestion within the guts of birds, cattle and other animals. Evolvulus nummularis and Desmodium triflorum also regenerated efficiently through ramets and www.tropicalgrasslands.info sprouts in addition to seeds. A few species like Mukia maderaspatana, Ranunculus scleratus, Ruellia tuberosa and Soliva anthemifolia were found in small loose patches with a good number of prostrate neighbors. Other species like Boerhavia diffusa and Clerodendrum indicum could directly build up a large phytomass from their root-stock and rhizome systems. Their dense vegetative cover suppresses the subordinate species and thus promotes the homogeneity of the community (Armesto and Pickett 1985) .
Trampling had significant effects on the occurrence of some species. Croton bonplandianum, Parthenium hysterophorus and Acalypha indica were more common in areas facing frequent trampling, while species like Tridax procumbens, Cyanthillium cinereum, Alysicarpus monilifer and Murdannia nudiflora occurred when clipping and trampling were only occasional. With increased frequency of trampling and clipping, the occurrence of Achyranthes aspera, Amaranthus viridis, Ruellia tuberosa and Gomphrena globosa markedly increased. The combination of heavy trampling, grazing and clipping provided extreme conditions of biotic disturbance. Grasses, notably Setaria glauca, Eragrostis amabilis and Cyperus rotundus, and a few leguminous forbs, e.g. Desmodium triflorum and Alysicarpus monilifer, coped with such composite disturbance. About 10% of the common species showed ramet proliferation, while others displayed mass seed germination at suitable sites. Some prostrate species aggregated to form compact mats, which allowed few associates and low species richness of local communities. Erect species, on the other hand, allowed significant numbers of species among their aggregations. A number of new entrants produced propagules irrespective of their vitality level to the community. The dense vegetal cover of Hyptis suaveolens and Parthenium hysterophorus suppressed the growth of other species as evident at locality 8 (Marimata campus). Since these species were unpalatable and faced no clipping and little trampling owing to their height, they showed significant local dominance (Tripathi and Shukla 2007) .
Rarity of plant species
A number of species, which showed low tolerance of disturbance and were totally absent from such sites (Table 6), occurred only in few localities and preferred sandy to loamy soils. Species such as Centella asiatica and Hygrophila auriculata, earlier frequent in or near water-logged areas, have also become quite rare during recent decades. On the other hand, a sizable number of species, which occupy quite specialized habitats, showed small population sizes within narrow distributional ranges (Table 6 ). Chiefly because of their medicinal importance, they have been over-exploited and are on the verge of local extinction. The population density of Chamaecrista absus, Cyperus niveus, Leucas cephalotus, Leucas aspera, Lobelia alsinoides, Martynia annua and Cullen corylifolium has declined markedly during the last few years. This indicates their specialized habitat requirements (Tripathi 1999) . The land-use changes plus mining and transportation of soil for filling and construction purposes appear to be important threats. Voracious and unmanaged harvesting presents a major threat to the persistence of several valuable plant species of the region (Shukla 2009 ). Hubbell and Foster (1986) found that most rare species are specialists in terms of habitat or appropriate niches for regeneration. The fast expansion of townships and associated disturbances during the current era have caused major reduction in availability of specialized niches in the region.
The spread of viable seeds from parent plants can be restricted due to the absence of dispersal vectors, especially grazers. Several authors have highlighted the importance of migrating sheep and cattle for plant dispersal (Fischer et al. 1996; Poschlod et al. 1998) . Although the fruits of Tribulus terrestris are dispersed far and wide through a hooking device, which attaches to the skin of cattle, the population of this species has shrunk rapidly during the last decade. A contributing factor could be the unavailability of suitable micro-sites for germination and growth of seeds. Crotalaria calycina and Hybanthus linearifolius are examples of species now classified as rare, as their population size has declined significantly during the last decade, despite production of sufficient viable seeds/fruits. These species prefer shaded and damp habitats around orchards, and availability of such habitats has declined markedly, mainly through increased urbanization and agricultural expansion. Metzger (2000) suggests that shade-tolerant species are more sensitive to habitat fragmentation than shadeintolerant species.
Species like Hygrophila auriculata, Bacopa monnieri, Centella asiatica and Heliotropium ovalifolium grow mostly on clayey soil subjected to some degree of water-logging. Currently, they have become infrequent across water-logged or lowland sites, despite their two-pronged regeneration strategy, i.e. through seeds as well as sprouts and ramets. With improvement of technologies and population explosion, humans have a major role in escalating extinction rates (Hopping et al. 2004) . Species populations which are small in size and with restricted habitat requirements are more prone to extinction (Menges 1998; Butaye et al. 2005) .
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It was quite striking that some very rare species in the regional grassland were the only representatives of a particular genus, which, in turn, represented a single family. For example, Lobeliaceae, Martyniaceae, Sphenocleaceae and Zygophyllaceae were represented by Lobelia alsinoides, Martynia annua, Sphenoclea zeylanica and Tribulus terrestris, respectively. The loss of these single species would mean the loss or non-representation of a whole family. These species may be passing through their lag time, as often there is a lag time between when the species habitat is lost and when the species actually becomes extinct (Hopping et al. 2004) . A great amount of evolutionary history and biological distinctiveness is lost when the last species of an entire genus or family becomes extinct (Kareiva and Marvier 2003) . Levin and Levin (2004) strongly suggest concentrating efforts on saving such families and higher levels of taxonomic groups.
The survival and growth of several plant species into large populations indicated that habitat quality was not always worse for all species, especially invaders, which form one of the major threats to the survival and growth of several native species (Sekar 2012) . The invaders colonize and successfully out-compete the native species, especially in open habitats with reduced competition, often created by grazing and man-made disturbance (Wu et al. 2004; Huang et al. 2009 ). The introduction and spread of invasive aliens may be facilitated by floods, changes in land-use pattern and environmental conditions caused by livestock grazing, timber harvest, agriculture and ornamental purposes (Srivastava et al. 2015) . These alien species have the potential to damage or eliminate already feeble populations of rare taxa (Menges 1991) .
Conservation strategy of grasses
Availability of viable seed is important for conservation of biodiversity and may determine the composition, structure and dynamics of present and future vegetation in different ecosystems. Grazing pressure in the Terai region is very intense and much of the seed-bearing parts of plants are removed. Further, developmental activities often create severe soil disturbance, and compaction and erosion have adverse impacts on the survival of grassland species (Godefroid and Koeda 2004a; 2004b) . Disturbance complicates the relationship and may increase species richness by lowering dominance and presenting opportunities for some species to spread rapidly (Whitmore 1996; Gusson et al. 2009 ). The management of biodiversity at landscape levels involves the twin objectives of preservation and sustainable use of natural habitats.
Conclusion
The present data on abundance distribution and diversity pattern of plant species suggest that the acute fragmentation of the natural habitat of northeastern Terai has resulted in limited distribution of once very common and widely spread species. Fast shrinkage of grassland habitats due to urbanization, agricultural expansion, grazing, trampling, fire and the mining and transportation of soil for the brick industry and site filling have pushed many less-common but valuable plant species towards rarity and several of them face local extinction. It appears that many valuable species will be lost from these grasslands, if the current practices in the community are allowed to continue unchecked. The present observations emphasize the urgent need for studies on the status of existing rare plant species and identification of the most detrimental cultural practices threatening their survival before some important species are lost from these plant communities. 
Habitat identification
The habitats of plant species were determined on the basis of characteristics that increase the heterogeneity of terrestrial vegetation: change in local topography; light regime; soil moisture; soil texture; and degree and type of anthropogenic disturbances.
Light regime: The degree of exposure was measured by an illuminometer (Kyoritsu-5200) at 10 random and nearly equidistant points on the floor of the vegetation during sunny days of November at mid-day. The light regime of open communities ranged from 70,000 to 75,000 lux and that of partially shaded communities was below 10,000 lux.
Soil moisture regime:
The moisture content within the top 10 cm of soil was measured gravimetrically. More than 40% of soil moisture was treated as high moisture (HM), 20−40% as average moisture (AM) and <20% as low moisture (LM).
Soil texture: Soil texture refers to particle size composition and according to the proportions of sand, silt and clay, soils are classified, in general, as sandy, clayey, loamy, sandy-loam, silty-loam, clayey-loam and silty-clay soils. The physical characterization of soil at the study sites is based on analysis by the Agricultural Research Center, Bahraich (U.P.), India (Table A below ). The silty-loam and silty-clay soils were termed as gravelly soil as they contained significant proportions of gravels and pebbles.
Disturbance: The anthropogenic disturbance factors (see also Table B below) operating at each sampling location were recorded. The intensity of each factor was scaled in the classes: 1 (absent or very little); 2 (occasional); and 3 (recurrent) (see Table C below). 
